Objective: Non-concussed individuals may report a variety of concussion-like symptoms even in the absence of a diagnosed brain injury. Previous studies described concussion-like symptom reporting in adolescent athletes. This study provides complementary data on concussion-like symptoms in collegiate athletes. Methods: We analyzed baseline symptom scales from 738 collegiate athletes (452 men and 286 women) who completed either the Sport Concussion Assessment Tool, 3 Symptom Evaluation (S3SE; n = 377) or the Post-Concussion Scale (PCS; n = 361) and determined if subjects met criteria for diagnosis of International Classification of Diseases 10th Revision (ICD-10) postconcussional syndrome. Symptoms were grouped as somatic, cognitive, emotional, or sleep-related. We analyzed associations with medical history factors using chi-square analyses, and examined recovery time of a subset of concussed athletes based on baseline symptomatology (n = 117) with independent samples t-test. Results: Across all athletes, 120 (16.3%) reported baseline symptoms meeting criteria for ICD-10 postconcussional syndrome. Women were 1.7 times more likely to meet these criteria (21.7% vs. 12.8%, p = .002). Athletes completing the S3SE were 1.5 times more likely to meet criteria than those completing the PCS (p = .011). Previously diagnosed psychiatric disorder was significantly associated with emotional domain symptom reporting, and attention deficit-hyperactivity disorder diagnosis was associated with cognitive domain symptom reporting. On average, athletes meeting ICD-10 postconcussional syndrome criteria at baseline experienced longer recovery from concussion (t[115] = 2.35, p = .020). Conclusions: Non-concussed collegiate athletes report concussion-like symptoms at a clinically significant rate. Pre-injury medical history and reporting rates of concussion-like symptoms may explain variance in post-concussion symptom expression. Measured incidence of baseline postconcussional syndrome may, in part, depend on the symptom report measure that is used.
Introduction
Subjective symptom reporting scales are an essential component of sports concussion evaluation and management (McCrory et al., 2013) . Symptom scales characterize an athlete's acute self-reported symptomatology and provide a means for monitoring post-concussion recovery. Symptoms are generally grouped into the following domains: physical/somatic, insomnia/sleep-related, emotional/mood, and cognitive (Fazio, Lovell, Pardini, & Collins, 2007; Iverson et al., 2015; Joyce, LaBella, Carl, Lai, & Zelko, 2014; Kontos et al., 2012) . These symptom clusters are also consistent with the domains described by the World Health Organization International Classification of Diseases 10th Revision (ICD-10) criteria for diagnosis of "Postconcussional Syndrome" (World Health Organization, 1992) .
It is typically assumed that the requisite symptoms of an ICD-10 postconcussional syndrome diagnosis arise exclusively due to injury mechanisms, but evidence suggests that this may not always be true. Post-concussion symptoms (memory problems, fatigue, headaches, anxiety, and trouble sleeping) are not uncommon in healthy populations and in patients undergoing medical treatment (Gouvier, Uddo-Crane, & Brown, 1988; Iverson & Lange, 2003; Lees-Haley & Brown, 1993; Wong, Regennitter, & Barrios, 1994) . Therefore, many individuals without mild traumatic brain injury may meet criteria for postconcussional syndrome (Asken et al., 2016; Asken et al., 2017; Covassin, Elbin, Larson, & Kontos, 2012; Dean, O'Neill, & Sterr, 2012; Iverson et al., 2015; Merritt, Rabinowitz, & Arnett, 2015) . Gaining a better understanding of concussion-like symptom reporting rates in non-concussed, healthy athletes is essential, because misattributing such symptoms to head injury may result in unnecessary treatment and unwarranted removal from play, and may bias estimates of the true incidence of postconcussional syndrome in athlete populations.
Concussion-like symptoms are not specific to concussion and overlap with many other medical conditions. For instance, patients with chronic pain report high rates of sleep disturbances, fatigue, and irritability (Iverson & McCracken, 1997; Smith-Seemiller, Fow, Kant, & Franzen, 2003) . Due to the similarity of diagnostic criteria for major depression and concussion-related symptoms, half of patients with depression and no history of head injury meet criteria for postconcussional syndrome (Iverson, 2006) . Patients seeking psychotherapy also report concussion-like symptoms such as anxiety, trouble sleeping, and fatigue (Fox, Lees-Haley, Earnest, & Dolezal-Wood, 1995) . In the context of athletics, preexisting mental health conditions are associated with higher baseline symptom reporting. These include family history of mood disorders (Ferguson, Mittenberg, Barone, & Schneider, 1999; Lange, Iverson, & Rose, 2011; Mittenberg, DiGiulio, Perrin, & Bass, 1992; Morgan et al., 2015) , prior treatment for a psychiatric condition , and general psychological distress (Fox et al., 1995) .
Factors associated with concussion-like symptom reporting in the absence of concussion may also affect brain injury outcomes, such as the degree and length of symptom presentation. Many studies have suggested that prolonged post-concussion symptoms may depend more strongly on pre-injury symptoms and psychological risk factors than on the actual mechanisms of physical trauma (Jotwani & Harmon, 2010; Lange et al., 2011; McCauley, Boake, Levin, Contant, & Song, 2001; Morgan et al., 2015; Nelson et al., 2016; Waljas et al., 2015) . "Post-concussion syndrome" may also be affected by an individual's expectations of symptom severity (Mittenberg et al., 1992) . Ferguson and colleagues (1999) showed that concussed athletes consistently underestimated the pre-injury incidence of concussion-like symptoms, whereas uninjured athletes apparently overestimated the degree of symptom change they would experience after a concussion. Healthy, non-concussed athletes may expect less severe symptoms or shorter symptom duration than do healthy non-athletes or depressed athletes (Gunstad & Suhr, 2001) . In other words, athletes' expectations of less severe or shorter symptom duration may be protective against development of prolonged recovery compared with non-athletes. However, consistent with the previous literature, preexisting conditions like depression also seemingly influence injury expectations, which may lead to higher incidence of prolonged recovery in depressed athletes compared with those with no premorbid risk factors. Incorporating premorbid factors is integral to the neurobiopsychosocial management model, which augments clinical assessment of sports-related concussion (McCrea, Broshek, & Barth, 2015) .
Currently, there are minimal data describing concussion-like symptom reporting in collegiate athletes considered "healthy" during their baseline assessment. Zimmer and colleagues described normative values for the SCAT2 symptom scale in a collegiate sample and found only 52% of the student athletes reported no concussion-like symptoms at baseline. Fatigue/low energy, drowsiness, headache, and nervous/anxious were among the most commonly reported symptoms, with some evidence suggesting higher rates in women and in those with a history of concussion. Similarly, Lovell and colleagues (2006) reported 42% of men and 28% of women completing the Post-Concussion Scale (PCS) described having zero symptoms at baseline, again suggesting the common experience of concussion-like symptoms in healthy college athletes. However, these studies did not describe symptoms by domain in relation to ICD-10 postconcussional syndrome criteria, and did not evaluate medical history factors such as previously diagnosed psychiatric conditions or neurodevelopmental.
The purpose of this study was to investigate baseline concussion-like symptom reporting in non-concussed collegiate student athletes using two common symptom reporting scales-the PCS and Sport Concussion Assessment Tool, 3 Symptom Evaluation (S3SE) (Brooks, MacDonald, Wasylyk, Hetzel, & McGuine, 2014; McCrory et al., 2013; "SCAT3," 2013) . We first report descriptive statistics of reporting rates for each symptom. Then, utilizing methodology based on Iverson and colleagues' work on concussion-like symptom reporting in high school athletes , we also specifically examine incidence of athletes meeting criteria for postconcussional syndrome based on self-reported symptoms. The relationship of reported symptoms with sex and previous medical conditions (i.e., learning disability [LD] , attention deficit-hyperactivity disorder (ADHD), previous treatment for psychiatric disorder such as depression or anxiety, and concussion history) was also assessed. Finally, since previous studies indicate potential post-concussion effects of preexisting symptomatology, exploratory analyses were used to investigate a subset of concussed athletes in order to evaluate the effects of baseline symptom reporting on post-concussion clinical recovery time. Based on the previously described evidence from the current literature indicating a higher frequency of baseline symptom reporting and prolonged recovery in patient populations with past medical and psychological history, we predicted that athletes reporting symptoms resembling ICD-10 postconcussional syndrome diagnostic criteria at baseline would be at greater risk for longer recovery.
Clinically, these data will improve understanding of base rates of concussion-like symptoms in non-concussed collegiate athletes. Identifying factors associated with higher rates of baseline symptom reporting may provide the impetus for more systematic evaluation of athletes with currently unmanaged, poorly managed, or undiagnosed comorbid medical conditions. Findings may also improve psychoeducation and expectation management for athletes undergoing concussion recovery.
Materials and Methods
The University of XXXXX Concussion Databank (UXCD) contains concussion-related medical records for all consenting UX varsity student athletes. The UXCD data were accessed and retrospectively analyzed with approval from the University's Institutional Review Board (IRB-01). We included baseline symptom reports from 738 collegiate athletes (452 men and 286 women, mean ± SD age 19.3 ± 1. Both the PCS and S3SE are standardized self-report symptom scales comprising 22 concussion-related symptoms rated on a 0-6 Likert scale (0 being "none," 1-2 is "mild," 3-4 is "moderate," and 5-6 is "severe"). Athletes are instructed to rate each symptom based on how they are feeling at the moment they complete the form. Recent modifications to the university's concussion management protocol call for annual reassessment of baselines; therefore, some athletes completed more than one baseline symptom evaluation. In these cases, only the first available baseline evaluation completed by the athlete and included in the UXCD was used for analysis, resulting in a total sample size of 738 unique evaluations.
We defined domains for symptoms from the S3SE and PCS according to the ICD-10 symptom criteria for postconcussional syndrome. Domains include physical, sleep (i.e., insomnia), emotional, and cognitive symptoms. Symptom classification by domain was largely based on previously published methodology by Iverson and colleagues (2015) . One deviation from that protocol was the inclusion of "drowsiness" as an insomnia symptom rather than excluding from the analysis. Drowsiness was included in the present protocol based on the diagnostic criteria for insomnia, which requires daytime dysfunction (for which daytime sleepiness or drowsiness would qualify) as a symptom (American Psychiatric Association, 2013) . Although substantial overlap in symptoms included on the S3SE and PCS exists, there are minor differences (see Table 1 ). The S3SE was not used in the previous study by Iverson and colleagues, though S3SE symptom classification reflects prior methods as well. Table 1 notes the specific symptom by domain assignment for both the S3SE and PCS.
Diagnosis of ICD-10 postconcussional syndrome requires the presence of symptoms in at least three of six domains, four of which are directly assessed by the S3SE and PCS-physical, insomnia, emotional, and cognitive. Two ICD-10 PCS symptoms (hypochondriasis/excessive worry over symptoms and reduced tolerance to alcohol) are not directly measured by the S3SE or PCS. The ICD-10 does not define a minimum severity or functional impairment related to symptom expression. Therefore, for this study, athletes were considered to have met ICD-10 criteria if they reported a score >1 for at least one symptom in at least three of the four symptom domains assessed. Similar to Iverson and colleagues, we did not incorporate the ICD-10 criterion related to history of head trauma because the goal of the study was to describe concussion-like symptoms in the absence of concussion.
Statistical Analyses
Individual symptom reporting rates from both the S3SE and PCS are included for the total sample and stratified by sex. Age-specific analyses were not performed due to the homogeneity of the current sample and previous studies indicating minimal variation in baseline symptom expression by age (Daneshvar et al., 2011; Iverson et al., 2015; Register-Mihalik, Mihalik, & Guskiewicz, 2009 ). S3SE and PCS data were combined for analysis when symptoms were classified into physical, insomnia, emotional, or cognitive domains. Chi-square analyses were used to investigate associations between sex (men vs. women), medical history (previously diagnosed LD, ADHD, psychiatric conditions, and concussion), and symptom reporting (domain specific and overall ICD-10 postconcussional syndrome criteria). Due to sample size limitations, medical history factors were not analyzed separately by sex and included combined total of men and women reporting each factor.
Exploratory Analyses of Baseline Symptoms and Concussion Recovery Time
We investigated recovery time differences in a subset of 117 athletes who sustained a concussion after enrolling at the University of XXXXX. Athletes who sustained multiple concussions prior to or while attending the university only had the first concussion of their collegiate careers analyzed. Of these, 111 had an available baseline symptom report dated prior to their injury (mean ± SD time from baseline to injury = 532 ± 396 days, median = 461 days). For the 6 of the 117 concussed athletes whose first available baseline symptom report within the UXCD was dated after their concussion, at least 8 months had elapsed between injury and the associated baseline symptom report (mean ± SD time from injury to baseline = 315 ± 60 days, median = 334 days). All six of these athletes achieved full clearance for return to sport participation following their concussion.
"Days missed from injury" was defined as the number of days between sustaining a concussion and achieving clearance for return to participation, corresponding with Stage 5 of the Graduated Return to Play Protocol (McCrory et al., 2013) . For collision sport athletes, this refers to clearance for full contact training activity; for non-collision sport athletes, this refers to clearance for full return to play. Mean days missed for athletes whose baseline symptom reports met criteria for ICD-10 postconcussional syndrome (N = 13) were compared with all other concussed athletes (N = 104) using an independent samples t-test. Likelihood of normal (7 or fewer days) versus prolonged recovery (8 or more days), defined based on a median split of days missed for the concussed sample (median = 7 days), was also evaluated based on baseline ICD-10 postconcussional syndrome symptom status using an odds ratio (OR) and associated chi-square analysis. Previous studies have used the same convention for normal versus prolonged recovery (Asken et al., 2016; McCrea et al., 2013) . Relevant data were assessed for normality prior to analyses. The number of days missed after concussion was determined to have a significant positive skew so we applied Blom transformation prior to statistical analysis (Blom, 1958) . Bonferroni adjustment for multiple comparisons set statistical significance criterion to p < .01 for all analyses involving chi-square associations of sex/medical history and symptom reporting. Significance was defined as p < .05 for exploratory analyses.
Results

Symptom Reporting
Individual symptom reporting rates for the S3SE and PCS, stratified by sex, are presented in Table 1 . For the S3SE, the most commonly reported overall symptoms were fatigue/low energy (43.0%), drowsiness (20.7%), and headache (19.1%). Men completing the S3SE most often reported fatigue/low energy (36.5%), drowsiness (19.8%), and pressure in head and difficulty concentrating (both 14.6%). The most common symptoms reported by women on the S3SE were fatigue/low energy (49.7%), headache (24.3%), and drowsiness (21.6%). Similar patterns were seen on the PCS. The most commonly reported symptoms overall on the PCS were fatigue (22.2%), sleeping less than usual (18.0%), and trouble falling asleep (16.9%). For men completing the PCS, fatigue (19.6%), sleeping less than usual (16.9%), and trouble falling asleep (16.2%) were also the most common symptoms. For women, fatigue (29.7%), sleeping less than usual (20.8%), and headache and trouble falling asleep (both 18.8%) were most common.
Symptom Domains and ICD-10 Postconcussional Syndrome Status
Rates of symptom reporting for each of the four domains, stratified by sex and medical history factors, are shown in Table 2 . Across the total sample, 16.3% of collegiate athletes reported a breadth of baseline symptoms consistent with ICD-10 postconcussional syndrome diagnosis. Sex was significantly but weakly associated with the ICD-10 diagnostic status such that women were 1.7 times more likely to meet criteria (OR = 1.67, Χ In terms of medical history factors, no significant associations were observed between LD (p = .280), ADHD (p = .155), treatment for psychiatric condition (p = .071), or concussion history (p = .646) and the likelihood of having a positive ICD-10 postconcussional syndrome diagnosis. We found associations with specific symptom domains such that athletes with diagnosed LD were more likely to report cognitive symptoms than those without (OR = 1.67, Χ 2 [1,672] = 5.453, p = .020, φ = .090). A similar pattern was seen for athletes diagnosed ADHD compared with those without (OR = 2.09, Χ 2 [1,674] = 20.91, p < .001, φ = .176). However, the association of LD with reported cognitive domain symptoms was no longer significant after adjusting for multiple comparisons. Athletes who previously received treatment for a psychiatric condition were more likely to report emotional symptoms (OR = 2.45, Χ 2 [1,667] = 10.85, p = .003 with Fisher's Exact correction for small cell count, φ = .128). Previous concussion history was not associated with symptom reporting in any domain.
Symptom Scale Differences
Meeting ICD-10 postconcussional syndrome criteria was more likely when the athlete completed the S3SE than the PCS (OR = 1.54, Χ 
Exploratory Post-Concussion Recovery Analyses
On average, athletes reporting symptoms consistent with ICD-10 postconcussional syndrome during a baseline evaluation missed significantly more time after concussion than athletes who did not meet this criteria (t[115] = 2.35, p = .020). Furthermore, those athletes were two times more likely to experience a prolonged (8 or more days) rather than normal (7 or fewer days) clearance for return to athletic participation (OR = 2.05, Χ 2 [1,117] = 7.22, p = .007, φ = .251).
Discussion
The purpose of this study was to describe the prevalence of concussion-like symptoms reported by collegiate student athletes completing the S3SE or PCS during baseline assessments in the absence of a diagnosed concussion. We additionally sought to determine the number of student athletes who would meet diagnostic criteria for ICD-10 postconcussional syndrome at baseline. This diagnosis requires the presence of symptoms in at least three of six domains, four of which are directly measured by the S3SE and PCS: physical, insomnia, emotional, and cognitive symptoms. Our findings indicate that a substantial number of collegiate athletes not only experience concussion-like symptoms in the absence of a sustained trauma, but also meet criteria for a diagnosis of postconcussional syndrome. To the best of our knowledge, this is the first study describing collegiate athlete baseline symptom reporting with these methods. Previous investigations of baseline symptom reporting in collegiate athletes either reported only total number and frequency of baseline symptoms irrespective of symptom domain (Zimmer, Marcinak, Hibyan, & Webbe, 2015) or total severity score irrespective of total number of symptoms .
In general, women reported baseline concussion-like symptoms more frequently than men, consistent with previous research Zimmer et al., 2015) . We identified 21.7% of women and 12.8% of men who reported symptoms resembling a diagnosis of ICD-10 postconcussional syndrome. Despite broadening the criteria for insomnia symptoms to include "drowsiness" as a qualifying symptom, the current study rates are slightly lower than those reported in adolescent high school athletes of both sexes by Iverson and colleagues (28% of adolescent women and 20% of adolescent men) and lower than the rate in men described by Asken and colleagues (20.2% of adolescent women and 20.4% of adolescent men) . This difference may reflect other methodological differences, such as inclusion of the S3SE in the current study compared to using the PCS only in the Iverson study, as well as maturational changes between sample groups. The associations between medical history factors and specific symptom domains were consistent with findings from high school athletes. For both high school and collegiate athletes, neurodevelopmental conditions like ADHD appear to result in more cognitive complaints and a history of psychiatric disorder predisposes the experience of emotional symptoms.
Some of the most commonly reported symptoms in our sample were sleep-related, and this finding was consistent across sexes. Drowsiness was reported by 20% and 15% of collegiate athletes based on baseline completion of the S3SE and PCS, respectively. Although fatigue is classified as a physical symptom, it may also be more broadly related to a wide variety of sleep difficulties. Fatigue was consistently the most frequently reported of all baseline symptoms. Our findings are in agreement with other studies indicating that sleep-related symptoms are particularly prevalent in athletes (Asken et al., 2016 (Asken et al., , 2017 Iverson et al., 2015; Register-Mihalik et al., 2009; Lovell et al., 2006; Zimmer et al., 2015) with some evidence suggesting more severe problems in the collegiate compared with high school level . Higher reporting rates for fatigue and sleep-related symptoms in collegiate athletes may reflect increased time demand of sports, academics, and social activity at the college level compared with high school. Despite having the fewest qualifying symptoms (two from the S3SE and three from the PCS), the insomnia symptom domain was the second most prevalent (30.5% of the overall sample) second only to physical symptoms (46.1% overall) which encompasses the largest number of qualifying symptoms (eight from the S3SE and seven from the PCS, both including fatigue). The presence of preexisting sleep problems in baseline, non-injured athletes is notable because sleep dysfunction may predispose the brain to poor recovery post-concussion. Our findings suggest that baseline sleep-related symptoms, in particular, may require heightened attention and could be targeted for intervention prior to sustaining a concussion or earlier in the course of post-concussion management.
Although sample limitations precluded more robust analyses of the interaction between baseline symptom reports and concussion recovery differences, our findings suggest a potential predisposition for athletes with baseline symptoms resembling ICD-10 postconcussional syndrome to experience longer recoveries in the event of a concussion. This result is consistent with other studies indicating that preexisting psychological disorders can lead to more complicated recoveries (Lange et al., 2011; McCauley et al., 2001; Morgan et al., 2015) . One explanation may be that the presence of self-reported emotional symptoms at baseline in the absence of any formally diagnosed psychological disorder may represent personality traits that predispose the athlete to greater difficulty managing concussion-like symptomatology, adjusting to temporary removal from athletics and academics, or inaccurate recovery expectations. Other studies have linked such preexisting factors to protracted recoveries (Ferguson et al., 1999; Merritt et al., 2015; Mittenberg et al., 1992; Putukian & Echemendia, 2003) .
The literature is mixed with regard to the lingering effects of previous concussion on baseline concussion-like symptom reporting (Covassin, Moran, & Wilhelm, 2013; Iverson, Brooks, Lovell, & Collins, 2006; Register-Mihalik et al., 2009 ). Our study found no association between previous concussion(s) and baseline symptom reporting. There are several possible reasons for these inconsistent results. Methodologically, we chose to stratify our concussion history by 0, 1, or 2+ previous concussions whereas others have isolated athletes with more significant histories Register-Mihalik et al., 2009 ) (e.g., 3+ or 4+ groups), which may have increased the likelihood of elevated symptomatology reported in their samples. Zimmer and colleagues (2015) reported slightly higher average number of baseline symptoms in those with a history of concussion (2.02) compared with those without (1.68); symptom severity data were not provided. The reliance on self-report histories for the number of concussions sustained likely leads to a level of classification inaccuracy, particularly given the widespread underreporting of concussions (McCrea, Hammeke, Olsen, Leo, & Guskiewicz, 2004) . The questionnaire used to evaluate symptoms at baseline may also have an effect, and slightly different prevalence statistics may result from the use of different measures. Our institution adopted the S3SE in 2014, and had used the PCS prior to that.
Our study was limited by its retrospective design, which did not allow for specific oversight or standardization of data collection-all data analyzed were collected in the course of clinical care as defined by the university's concussion management protocol. We had an unequal proportion of men and women completing the S3SE and PCS, and a disproportionate number of subjects were male football athletes. The S3SE and PCS were not randomly completed over the course of the study but rather reflected refinements in the concussion management protocol; the PCS was used prior to 2014 and the S3SE more recently. Our findings are from a single collegiate institution, which may limit generalizability to other age groups or other university collegiate athletes. Medical history factors relied on athlete self-report, and due to a low number of athletes reporting certain factors, we were unable to more precisely elucidate medical history/gender/symptom domain interactions.
An external limitation of this research is the current approach of requiring athletes to indicate their symptoms in the moment they are completing the evaluation form, rather than noting how they more generally feel, which is the typical approach of many commonly used psychological symptom inventories (Beck, Steer, & Brown, 1996; Spielberger & Gorsuch, 1983) and has been used previously in evaluating concussion-like symptoms in athletes, specifically (Register-Mihalik et al., 2009) . A direct examination of sensitivity and specificity of concussion symptom expression comparing these two baseline collection methods is necessary.
However, the present study contributes to the relatively small body of literature examining base rates of concussion-like symptoms in collegiate student athletes in the absence of a concussion. We provide further evidence that medical history factors are associated with symptom reporting, and we present preliminary support that the pattern of reported baseline symptoms may predict concussion recovery in this population. This study is also the first to use the S3SE to describe baseline concussion-like symptoms of collegiate athletes in the context of ICD-10 postconcussional syndrome diagnosis and in comparison with the PCS; our findings indicate that this measure may be associated with higher rates of symptom reporting.
